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Introduction 
 

Nanotechnology offers unique approach of 

controlling variety of biological and medical 

processes at nanoscale, Recent applications 

of nanotechnology involve use of 

nanoparticles for the treatment of variety of 

disease like cancer, diabetes, HIV vaccine. 

Conventional cancer therapy involves a 

cytotoxic agent that often shows the harmful 

side effects (Butle and Baheti, 2011).  

 

Nanoparticle is a particle with the dimension 

of 100nm or less, size-dependent properties 

of physics at the nanoscale typically 

develop. 

 

Gold nanoparticles (GNPs) one of these 

material which possess optical properties  

 

 

 

 

 
such as strong absorption scattering in the 

visible –near infrared region or green light 

depending on their size and shape, based on 

these optical properties, GNPs have been 

used in various types of biomedical 

application including photothermal therapy, 

biosensering, Drug delivery and gene 

therapy (Jain et al., 2008). The use of GNPs 

in cancer diagnosis and therapy has been 

widely investigated (EL-Sayed et al., 2006), 

because these particles are known to have 

excellent surface plasmon resonance and 

strong biocompatibility, such as antioxidant, 

nontoxin, chemical stability and high 

affinities to biomolecules (Huisman et al., 

2005). 
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Cancer continues to be among the leading causes of death worldwide. The use of 

nanomaterials is becoming increasingly common in the medical application field, 

especially in cancer diagnosis and therapeutic. This study was done to evaluation 

the efficacy of photothermal therapy by using gold nanoparticles with laser 

irradiation on two cancer cell lines in vitro, HeLa (human cervicle cancer cell line) 

and AMN3 (mammary adenocarcinoma), in addition, use gold nanoparticles alone, 

for comparison between them. The results shows that photothermal therapy more 

effect than gold nanoparticles alone on cancer cells, as well as AMN3  more affect 

than HeLa cell line, so the effect is related to type cell line, concentration, 

incubation period and size of particles. The present study suggests that 

photothermal therapy by gold nanoparticles is a good candidate for medical 

application as anticancer in future. 
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Photothermal therapy (PTT) by using GNPs 

have been used to destroy target cancer cells 

with minimum damage to normal tissue, in 

addition, GNPs absorb light strongly and 

convert photon energy into heat quickly with 

efficiently, Besides scattering, GNPs also 

absorb light million of time more than 

organic dye molecule, almost 100% of the 

absorbed light is converted to heat (Iancu, 

2013). Chen et al., (2015) suggested that 

Photothermal therapy consider as optimal 

treatment approach because the malignant 

cells required only one third of the energy 

require for control or non-malignant cells. 

 

Materials and Methods 

 

Gold nanoparticles (GNPs) prepared in 

Sigma Aldrich Company with 10nm, 

spherical shape and at concentration 6× 

1012 particles/ml. 

 

Cell culture 

 

Human cervical cancer (HeLa) and 

Mammary adenocarcinoma (AMN3) cell 

lines were purchased from tissue culture 

unit/ Iraqi Centre for Cancer and Medical 

Genetics Research (ICCMGR), the cells 

were cultured in 50 cm2 tissue culture flasks 

under humidified 5% CO2 atmosphere at 

37ºC in RPMI-1640 medium (Sigma 

chemical) with 10% fetal bovine serum 

(FBS), and peniciline-streptomycin during 

the experiment. 

 

Cytotoxicity assay 

 

From stock solution of GNPs and by using 

free serum media, five concentrations 

(dilution) of GNPs (9×1011, 3×1011, 

1×1011, 36×108 and 12×108) particles/ml 

were prepared, then, the cell culture in 

microtiter plate (96 well) and during log 

phase of growth were exposed to five 

concentration of GNPs with four replicate at 

200µl for each concentration, while the 

control well were exposed to only free 

serum medium, the plats were incubated for 

two incubation period 24 and 48 hours. 

 

After incubation period, the cells staining by 

MTT stain and read by micro-ELISA reader 

at wavelength on 550nm, then, the inhibition 

rate was calculated as follows: 

 

IR% = A-B/A × 100  

 

IR=inhibitor rate, A=the optical density of 

control, B=the optical density of treatment. 

 

Irriadation procedure 

 

After added GNPs to wells as previous 

procedure, the following parameters were 

used in Irradiation procedure in vitro via 

Low Level Laser (LLL), continuous laser 

(green light) 532nm, output power is equal 

to 112mW, the power of laser was measured 

using power meter, beam diameter at laser 

aperture is equal to 4mm. The exposure time 

for 4 min through 24 hrs, 8min through 48 

(4 min for each 24hrs), Power density (0.083 

W/cm2). 

 

Results and Discussion 

 

Comparison between effect of gold 

nanoparticles alone and photothermal 

therapy 

 

Figure (1) and (2) illustrates the comparison 

between treatment of GNPs alone and 

treatment of GNPs plus laser radiation 

(photothermal therapy) for 4min for each 

day in HeLa cell line. The figure shows the 

treatment with PTT has obtained inhibition 

rate more than treatment with GNPs alone in 

all concentrations and in two period of 

exposure with highly significant at level 

(P<0.01). After the cancer cells were 

exposed to GNPs for24hrs, the first 



Int.J.Curr.Microbiol.App.Sci (2016) 5(10): 261-266 

263 

 

concentration has higher inhibition rate, 

while when it exposed to PTT for 4min 

through 24hrs, the third concentration has 

higher inhibition rate.  

 

After cancer cells exposed to GNPs for 

48hrs, inhibition rate was occurred in third 

concentration, but in PTT for 4min (twice 

through 48hrs), the last concentration has 

higher inhibition rate. 

 

The same the thing was noticed for AMN3 

cell line, but the first concentration has 

higher inhibition rate after exposed to GNPs 

and PTT (4min) through 24hrs, as well as 

through 48hrs, the first concentration has 

higher inhibition rate when it exposed to 

GNPs, so the first and third concentration 

has higher inhibition rate after PTT. 

    

In this study, the photothermal therapy was 

applied via employed spherical gold 

nanoparticles (GNSPs) was with continuous 

wave (CW) visible laser (532nm) due to the 

surface plasmonic resonance (SPR) 

absorption in the visible region of (GNSPs) 

(Myroshnychenko et al., 2008; Honda et al., 

2011). 

 

Photothermal therapy is very desirable due 

to the sensitivity of cancer cells to this type 

of treatment, in addition, minimum damage 

to normal cells and surrounding tissue (AL-

Sayed et al., 2006).         

 

Radiation with diode laser started after one 

hour from added GNPs to cancer cells 

according to Connor et al., (2005) which 

proved that maximum GNPs uptake was 

occurred after one hour from exposure. So 

the use of CW laser is advantageous for 

effective heat accumulation in order to 

induce mild cell death in a larger area. In 

addition, using CW laser for treatment is 

more time consuming (minutes than pulse 

laser (single pulse time). Hence, the PTT by 

CW lasers has been employed in selective 

cancer cells death (El-Sayed et al., 2006). 

 

The study by Song et al., (2012) revealed 

that GNPs with different size rapidly 

internalized in to HeLa and human breast 

cancer, by TEM images, GNPs were mainly 

located at the cytoplasm, mitochondria and 

even in nucleus, after that the laser can be 

specifically tuned to the SPR frequency of 

nanoparticles, varying with their size, shape 

and composition (Lal et al., 2008; Lodice et 

al., 2016). 

 

Fig.1 Shows comparison between the effect of GNPs and  photothermal  

therapy on HeLa cell line at 24hrs 
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Fig.2 Shows comparison between the effect of GNPs and  photothermal therapy on HeLa cell 

line at 48hrs 

 

 
 

Fig.3 Shows comparison between effect of GNPs and photothermal therapy on 

 AMN3 cell line at 24hrs 

 

 
 

Fig.4 Shows comparison between the effect of GNPs and photothermal  

therapy on AMN3 cell line at 48hrs. 
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In photothermal therapy experiment, the 

action of cytotoxicity is converted to higher 

rate of growth inhibition especially in 48hrs, 

because the GNPs can effective in PTT by 

generate vapor nanobubbles when the 

particles are locally overheated with laser, 

due to the evaporation offer very thin 

volume of the surrounding medium 

(Lukianova-Hleb et al., 2011), while Chen 

and coworker (2015) suggested that cancer 

cells killing with GNPs required about only 

one third of energy required for the control 

group cancer cell  lines without treatment by 

GNPs.   

 

The study of photothermal therapy by 

Huang and others (2006) found that cancer 

cells with higher concentration of GNPs 

required a lower laser radiation power to 

achieve the temperature rise for cell 

destruction, this explain why the inhibition 

rate was increased in photothermal therapy 

with higher concentration of GNPs in this 

study, while the obtained results by Song 

and colleagues (2012) proved that even the 

lower doses of GNPs can still enhance 

killing effect using radiation. 

 

The same thing in the report of Huang et al., 

(2012) when they found severe increase in 

cell death after laser radiated in the presence 

of GNPs than treated with only gold or laser 

alone.  

 

However, the researcher Servies (2016) 

suggested that large cluster of GNPs lead to 

rise of temperature, then to vaporize 

adjacent water molecules which creating 

tiny bubbles that quickly expand and burst, 

ripping apart of cancer cells but not the 

normal cells. Therefore, the present study 

suggest that PTT by using GNPs has 

potential future in medical application, and 

strong candidate for cancer treatment. 
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